To assess the prognosis of overt testicular disease at diagnosis of acute lymphoblastic leukemia, and any therapeutic role of irradiation for this involvement, we reviewed the data of 811 boys treated on St Jude studies Total X-XI (early period) and Total XII-XIV (recent period). In all, 19 boys (2.3%) had testicular disease at diagnosis. In the early period, patients with testicular leukemia had a poorer overall survival (OS) (P ¼ 0.003), eventfree survival (EFS) (P ¼ 0.064), and higher cumulative incidence of relapse (P ¼ 0.041) than did other patients. During the recent period, patients with and without overt testicular leukemia did not differ in OS (P ¼ 0.257), EFS (P ¼ 0.102), or cumulative incidence of relapse (P ¼ 0.51). In a multivariate analysis, OS was lower for patients with testicular disease than for those without the involvement in the early period (P ¼ 0.047) but not in the recent one (P ¼ 0.75). Both patients who received irradiation for residual testicular disease at the end of induction subsequently died of leukemia. Of the other 17 patients who did not receive irradiation, only one developed testicular relapse in combination with bone marrow relapse. In conclusion, the prognostic impact of overt testicular disease has diminished. Irradiation appears to provide no survival advantage to this patient population.
Introduction
Overt testicular involvement occurs in about 2% of boys at the time of diagnosis of childhood acute lymphoblastic leukemia (ALL) and has been reported to be associated with a poor outcome. 1, 2 The survival rate of patients with ALL has improved considerably in recent years; [3] [4] [5] [6] however, the prognostic significance of overt testicular disease treated with contemporary therapy is unknown. Furthermore, little is known about the role of irradiation of the testes in providing local control and in achieving a high survival rate. In this retrospective review, we analyzed the records of boys with ALL treated on consecutive studies over the past 20 years at St Jude Children's Research Hospital (St Jude) to evaluate the prognostic significance of testicular disease at diagnosis and to determine whether local irradiation provides a survival advantage.
Patients and methods

Patients and protocols
The St Jude Institutional Review Board approved this retrospective study. We analyzed data from 811 boys with newly diagnosed ALL treated on St Jude Total Therapy studies (Total X, XI, XII, XIIIA, XIIIB, and XIV) conducted from 1979 to 2000. During this time period, information about overt testicular disease was recorded prospectively in the database. The details of these treatment regimens have been previously published. 4, [7] [8] [9] [10] [11] [12] Total X, which enrolled 257 boys, investigated the efficacy of high-dose methotrexate and of the combination of teniposide and cytarabine. 8 Total XI, 9 which recruited 193 boys, evaluated the efficacy of early intensification and the alternating use of non-cross-resistant drug pairs. Total XII 10 investigated whether individualized dosing of chemotherapy improves treatment outcome; 102 boys participated in this trial. Total XIIIA, 11 on which 92 boys were enrolled, featured early intensification of intrathecal therapy. Total XIIIB 4 enrolled 144 boys and included more stringent risk classification, early intensification of intrathecal treatment, reinduction therapy, and postremission therapy that included dexamethasone.
In Total XIV, 12 on which 23 boys were enrolled, patients received the same six-drug induction therapy as that given in Total XIIIB. Consolidation therapy consisted of daily oral administration of 6-mercaptopurine and weekly administration of high-dose methotrexate (2 g/m 2 ) for 2 weeks. The continuation therapy used rotational drug pairs similar to that in Total XIIIB, but consisted of higher (2.5 4, 7, [9] [10] [11] Overt testicular involvement was diagnosed by physical examination (increased size and firm consistency of the testes). Ultrasonography was used to confirm the diagnosis in more recent years. In protocols Total X through XIIIB, patients with overt testicular involvement underwent biopsy of the testes during hematologic remission and received testicular irradiation at the beginning of continuation therapy only if there was microscopic evidence of leukemia. Patients enrolled on Total XIV underwent biopsy before continuation therapy only if testicular size was persistently abnormal, and patients received irradiation only if leukemic infiltrate was present. Overt testicular involvement was considered to be a characteristic of higher risk disease in Total XIIIB and XIV.
All patients who completed therapy were examined at least annually at St Jude. To assess disease and treatment effects on gonadal function, we analyzed information collected during annual off-therapy evaluations, including information about growth, Tanner stage, testicular volume, and laboratory test results.
Statistical analysis
Overall survival (OS) was defined as the time from diagnosis until the date of death or the last follow-up date. Event-free survival (EFS) was defined as the time from diagnosis until the date of failure (relapse, death, or second malignancy) or until the last follow-up date for all event-free survivors. Treatment failures at time zero were those cases in which complete remission was not achieved. OS and EFS functions were estimated by the methods of Kaplan and Meier. Standard errors were calculated by the methods of Peto et al 13 The Mantel-Haenszel test 14 was used to compare OS and EFS estimates for patients with and without testicular disease at diagnosis in the early period (Total X- XI, 1979 XI, -1988 ; the same test was also used to conduct the same type of comparison involving patients with and without testicular disease at diagnosis in the recent period (Total XII-XIV, 1988-2000). The Cox proportional hazards model 15 was used to determine whether testicular disease is an independent risk factor for OS and EFS after adjustments were made for other risk factors: age o1 years or 410 years, leukocyte count X50 Â 10 9 /l, CNS status other than CNS-1, and T-cell immunophenotype.
The cumulative-incidence function of all relapses was estimated by the method of Kalbfleisch and Prentice. 16 The impact of testicular disease on the cumulative-incidence function of relapse was compared by Gray's test with the incorporation of competing events. 17 The analysis was performed for the early period and for the recent period. Death during remission and cases of second malignancies were treated as competing risks. Failure to achieve complete remission was considered to be a competing event at time zero. The Fine and Gray's estimator with the incorporation of competing events 18 was applied to determine whether testicular involvement is an independent risk factor for relapse after adjustments for other risk factors in the early period and in the recent period. Only data collected before or on June 24, 2004, were analyzed.
Results
Patients with overt testicular involvement at the time of diagnosis
In total, 19 (2. 3%) of 811 boys had overt testicular disease at the time of diagnosis of ALL (Table 1) . Cases 1-13 have been previously reported, 1 and their updated outcomes are reported here. The median age of the 19 boys at diagnosis was 8.7 years (range, 0.2-16.3 years), and the median leukocyte count was 118.2 Â 10 9 /l (range, 3.6-581 Â 10 9 /l). Of the patients, 12 had B-lineage ALL, and seven had T-cell ALL. Bilateral testicular disease was present in 14 patients. In eight patients (patients 7, 11, 13, 14, 15, 16, 18, and 19) , testicular disease was confirmed by ultrasonography. No patient underwent testicular biopsy at the time of diagnosis.
All except patient 17 achieved complete hematologic remission. After the conclusion of induction therapy, patients 9, 10, 13, 16, 18, and 19 did not undergo biopsy of the testes because the physicians chose not to conduct the test (three patients), because no abnormality was found by untrasonography (one patient), or because biopsy was not a requirement of the protocol (two patients). Patients 1 and 15 received 2000 and 2400 cGy to the testes, respectively, after testicular biopsy during hematologic remission revealed occult leukemia. None of the 19 patients underwent orchiectomy.
Outcome after testicular leukemia
In all, 12 patients experienced adverse events (Table 1) during follow-up (median length, 4.9 years; range, 0.3-19.7 years): hematologic relapse in four patients; isolated CNS relapse in three; testicular relapse, combined hematologic and CNS relapse and induction failure in one case each; and second malignancy in two patients (acute myeloid leukemia and glioblastoma multiforme , respectively). Of the 12 patients, nine died of refractory or relapsed leukemia, and one died of secondary acute myeloid leukemia.
Prognostic significance of testicular involvement in different treatment periods Table 2 illustrates the differences in OS and EFS estimates and cumulative incidences of relapse for groups with and without testicular disease treated during the early (Total X and XI) and recent (Total XII-XIV) periods. In the early period, patients with testicular disease (n ¼ 10) had a significantly higher cumulative incidence of relapse and a significantly lower OS estimate than did those without testicular disease (n ¼ 440) during the same period. In the recent period, the cumulative incidence of relapse and EFS and OS estimates did not differ significantly between patients with testicular disease (n ¼ 9) and without (n ¼ 352).
Cox regression analysis adjusted for age, leukocyte count, CNS involvement, and immunophenotype indicated that the group with testicular disease at diagnosis had a significantly higher hazard ratio for OS (2.20 
Gonadal functions of long-term survivors
As a result of the relatively young age of the surviving patients (median age at the time of analysis, 26.5 years, range 4.7-32.1 years), there was limited information that could be used to assess gonadal function of the cohort. One patient (patient 19) was in full puberty at the time of diagnosis and has not had any signs of hypogonadism. Seven other patients who were prepubertal (patients 7, 9, 14, and 18) or in early puberty (patients 6, 11, and 12) at the time of diagnosis subsequently underwent ageappropriate pubertal development. Another patient (patient 16) was prepubertal at the time of this analysis. One patient (patient 6) has fathered children. Two patients (patients 9 and 11) underwent testing of gonadotropin levels, and both had normal values.
Discussion
The prognostic significance of overt testicular disease at diagnosis of ALL and the optimal treatment of this condition have not been well studied. In a previous report from St Jude, patients with testicular disease had significantly poorer survival estimates than did patients without testicular disease. 1 The
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Leukemia adverse prognosis of testicular disease was attributed partly to its more frequent occurrence in infant or adolescent boys and its association with leukocytosis.
The 811 boys in the present study were treated on six consecutive treatment protocols. The outcome of all patients, with or without testicular disease, improved significantly in the recent period (data not shown). Our evaluation only showed a trend of improved outcome between patients with testicular disease in the early period and those with testicular disease in the recent period (data not shown); the lack of a significant difference is probably due to the small sample sizes. Further comparison showed that patients with testicular disease in the early period had a lower OS estimate, a lower EFS estimate, and a higher cumulative incidence of relapse than did those without testicular disease during the same period (Total X and XI), but significant differences were not observed between the two groups of patients during the recent treatment period. Although our results are limited by the relatively small number of patients with testicular involvement in each era, this latter finding indicates that the difference in outcome between patients with and without testicular disease has lessened with improved treatment.
The recent improvement in outcome was achieved by advancement of systemic chemotherapy but not of local therapy. In our study of 19 patients with testicular disease, radiation therapy was administered to the testes of only two patients (patients 1 and 15) because of detectable residual leukemia after the completion of induction therapy. Both patients who received irradiation experienced relapse outside of the testes and died of disease. Of the 17 patients who did not receive testicular irradiation, only one (patient 8) experienced testicular relapse. This patient had negative results of testicular biopsy at the time of first hematologic remission, but testicular relapse developed during continuation therapy. At that time, his bone marrow also contained 22% blast cells. Although a second remission was attained, he eventually died of leukemia. On the basis of his clinical course, we believe that this patient had systemic drug-resistant disease and, therefore, testicular irradiation during the first remission would not have helped.
Isolated testicular relapse in patients without testicular disease at diagnosis was very rare when they were treated on more recent protocols. While isolated testicular relapse occurred in 15 patients (5.8%) without testicular disease at diagnosis on Total X, 8 this complication developed in only one patient (patient 8 in this study, 0.5%) on Total XI, 9 two patients (2.0%) on Total XII, 10 zero patients on Total XIIIA, 11 one patient (0.7%) on Total XIIIB, 4 and zero patients on Total XIV (unpublished data). The results indicate an association between an improved control of testicular disease and the use of more effective systemic chemotherapy, although the results should be interpreted cautiously because the sample numbers were small. The complications associated with testicular irradiation, for example, severe gonadal atrophy and gonadal and sexual dysfunction, are well recognized. 19, 20 Thus, we believe that local irradiation of the testes is of little value and should be abandoned.
Treatment with high-dose methotrexate is widely accepted as a means of reducing the risk of testicular relapse. [21] [22] [23] In successive protocols conducted at St Jude, the cumulative dose of high-dose methotrexate has increased; the greater dose intensity conceivably contributes to the better outcome. Although the cumulative dose of high-dose methotrexate used during the Total X study (15 g/m 2 ) was higher than that used in Total XI or XII (4 and 7.5 g/m 2 , respectively), each individual dose (1 g/m 2 ) was lower than that used during later studies (2 g/m 2 or more) and was followed by higher and more frequent Overt testicular disease of ALL N Hijiya et al doses of leucovorin than those used during later studies, 8 which may have caused the undesirable rescue of leukemic cells. Moreover, high-dose methotrexate was given only in one of two randomized arms for lower-risk disease in Total X, 8 and five of seven patients with testicular disease on this protocol did not receive it (Table 1) .
Risk-adapted therapy lessens the predictive strength of prognostic factors. 24 It is plausible that the inclusion of testicular disease as a criterion of higher-risk ALL also helped to improve the outcome. A previous St Jude report that showed the adverse prognosis associated with testicular disease.
1 Therefore, since the start of Total XIIIB, patients with testicular disease at St Jude have been classified as having higher-risk ALL. Although testicular involvement was not included in the criteria for the higher-risk group until Total XIIIB, all patients with overt testicular leukemia who were enrolled on Total XI, XII, or XIIIA were treated as though they had higher-risk ALL because other risk factors (high leukocyte counts, age, and T-cell phenotype) ( Table 1) were present. Two of three patients who were treated as though they had lower risk in the early period died. Although this number is too small for any meaningful statistical analysis, all the results presented in the preceding text suggest the necessity of intensified systemic treatment for patients with overt testicular disease at diagnosis.
In conclusion, the predictive strength of overt testicular disease in childhood ALL has diminished in recent years because of the use of contemporary risk-stratified and intensified systemic chemotherapy that has included high-dose methotrexate. Local irradiation of the testes in patients with overt testicular disease at diagnosis appears to be unnecessary for achievement of survival rates comparable to those of patients without testicular disease.
